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EXECUTIVE SUMMARY

This report provides a summary and evaluation of geotechnical instrumentation of the
Westville Lake Dam in Southbridge and Sturbridge, Massachusetts. The Westville Lake
Dam is a rolled-earthfill dam with a chute spillway at the north abutment, which was
constructed for flood-control purposes.

Plate 1 shows the location of Westville Dam on the U.S. Geologic Survey topographic
quadrangle map for Southbridge, Massachusetts, dated 1982. Plate 2 shows a plan of the
dam and abutments. Plates 14 through 26 are copies of selected record drawings.

Geotechnical instrumentation at the dam consists of 6 crest monuments and 14 piezometers.
Plate 3 shows the locations of the geotechnical instrumentation.

Crest Monuments - Six crest monuments (Mons. 1 through 6), two base-line, vertical control
monuments (BL-2 and BL-3) and two horizontal control monuments (A and B) were
installed in 1985.

The New England Division, Corps of Engineers surveyors surveyed the crest monuments
in September 1988 and in July 1995. Table 1 gives the survey data and the movements
computed based on differences in the survey data. Computed horizontal and vertical
movements were small with a maximum horizontal movement of 0.0202 foot at Mon. 5 and
a maximum vertical movement of 0.01 foot downward at Mons. 1 and 2. This range of
movements is within limits of the accuracy of the survey so it is possible that no movement
has occurred. Plate 10 shows 1995 baseline distances between the monuments. Plate 11
shows the computed horizontal movements of the monuments between September 1988 and
July 1995. The measured movements to date are not significant.

Piezometers - The Corps of Engineers, Mobile District, installed 14 piezometers (PZ-1
through 14) on the downstream slope of Westville Dam during 1985 and 1986. Table 2
gives the stations, offsets, boring numbers, and elevations of key piezometer features.
Plates 4 and 5 show the engineering logs of the piezometers. Plates 6, 7, 8, and 9 show cross
sections and profiles of the embankment with piezometer locations. Appendices A and B
contain the boring logs for the piezometer borings and the piezometer falling head test data,
respectively.

Corps of Engineers project personnel measured piezometer pore water elevations according
to the reading schedule provided in Appendix C since August 1990. Table 3 lists measured
pore water elevations in the piezometers from August 1990 to August 1995. These data are
plotted as time histories in Appendix D for the piezometer groups along Profile A-A at
45 feet downstream from the dam centerline (PZ-7, 8, 9, and 10), Profile B-B at 175 feet



downstream from the dam centerline (PZ-1, 2, 3, 4, 5, and 6), Section C-C at Station 5+15
(PZ-7, 8, 11, 12, and 4), and Section D-D at Station 6+00 (PZ-9, 10, 13, 14, and 3).
Appendix E contains plots of piezometer time history data during the April 1993 high pool
event for these same piezometer groups.

An average piezometer pore water elevation was calculated for each piezometer based on
the monthly data excluding the daily data collected during high pool periods. Table 4 lists
the selected piezometer data used to calculate average piezometer levels along with the
calculated averages. Plate 12 shows plots of piezometer pore water elevation contours for
the April 1993 high pool across the downstream area of the dam.

Pore water elevations at the piezometers were predicted with a pool level at the spillway
crest, El. 572 feet, NGVD. Appendix F contains plots for each piezometer of the pore water
elevations versus pool elevation. Table 5 lists these predicted pore water elevations.

Plates 13, 14, 15, and 16 show calculated average piezometer levels, maximum levels for
the April 1993 high pool event, and the predicted maximum levels with the pool at the
spillway crest on the various profiles and cross sections.

Conclusions and Recommendations - Based on past performance of the dam and on the
performance of the instrumentation to date, the Westville Dam appears to be suitably
instrumented. Existing instrumentation appear to indicate that the dam embankment is
functioning adequately relative to seepage and settlement.

The crest monuments provide a suitable index for measurement and evaluation of ongoing
movements. The measured movements to date are small (0.02 foot horizontal, 0.01 foot
vertical) and are considered negligible. Small movements are expected to continue, most
likely due to weathering, degradation, and consolidation of the downstream rock fill.

The crest monuments should be surveyed before each periodic inspection so that the
inspection team can be given movement data for evaluation.

The 14 piezometers provide data to aid in evaluating seepage patterns throughout the dam.
The piezometer data indicate that the combination of embankment impervious fill core,
foundation grout curtain, and embankment pervious fill drain provide a relatively effective
cutoff of upstream seepage pressures and drainage of downstream seepage pressures. Past
observations of seepage in 1984 (Refs. 3 and 7) are probably from seepage flow down from
the abutments and downstream valley sides.

Data from piezometer pairs PZ-7 and 8, PZ-11 and 12, and PZ-13 and 14 showed upward

gradients. The upward gradients may indicate an effective impervious core but less effective
bedrock grout curtain or they may indicate a shorter or more transmissive seepage path from
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- the upper piezometers to the pervious fill drain. Data from piezometer pair PZ-9 and 10
indicate higher pore water elevations in the upper PZ-9 piezometer. Apparently pore water
elevations over the 23-foot-long soil and fractured bedrock zone monitored by PZ-9 are

higher than in the 6.4-foot-long pervious zone set in more competent rock monitored by PZ-
10.

Piezometers and pore pressure data are not available for the upstream part of the
embankment and for cross sections other than at Stations 5+15 and 6+00. However,

additional instrumentation does not appear necessary at this time.

Predicted piezometer pore water elevations for maximum pool should be compared with
— assumed phreatic surfaces used for stability evaluations of the embankment.
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PREFACE

Purpose and Scope

This report provides a summary and evaluation of geotechnical instrumentation of the
Westville Lake Dam in Southbridge and Sturbridge, Massachusetts.

GEI performed the following work:

a) Reviewed Periodic Inspection Reports 1 through 5 and data provided by the U.S.
Army Corps of Engineers (USACE) on September 7, 1995. (Tasks 1 and 2)
b) Prepared an instrumentation general plan in an AutoCAD drawing file. (Task 3)
c) Prepared drafted engineering logs and piezometer logs, profiles, and cross
sections in AutoCAD drawing file. (Task 4 and 5)
d) Prepared Lotus 1-2-3 plots of piezometer data. (Task 6)
e) Prepared a phreatic surface elevation plan in an AutoCAD drawing file. (Task 7)
f) Prepared survey data and horizontal and vertical movement plates in AutoCAD
drawing files. (Task 8)
g) Prepared this report summarizing Tasks 1-8. (Task 9)
Project Personnel
R. Lee Wooten, P.E. Senior Project Manager
Bruce I. Collingwood, P.E. Project Engineer
Benjamin G. Gunther, P.E. Project Engineer
Alton P. Davis Jr., P.E. In-House Reviewer
Elevation Datum

All elevations in this report are referenced to National Geodetic Vertical Datum (NGVD).

Limitations

Our professional services for this project have been performed in accordance with generally
accepted engineering practices. No other warranty, expressed or implied, is made.
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1. PROJECT PERFORMANCE

Based on past performance of the dam and on the performance of the instrumentation to
date, the performance of the Westville Lake Dam is rated as good. The dam is suitably
instrumented. The existing instrumentation indicate that the dam embankment is
functioning suitably relative to seepage and crest movements. The crest monument data
indicate little or no settlement (0.12 inch maximum) from September 1988 to July 1995.
A maximum horizontal movement in the downstream direction of 0.24 inch was calculated
for the same time period. No movement data were available for Mon. 4 because the
monument was damaged and replaced between the 1988 and 1995 surveys. A total of 14
piezometers had been installed in 1985 and 1986 to monitor pore water pressures and
seepage patterns in the dam embankment, foundation, and through the right abutment. The
piezometers appear to be in good working condition.
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2. GENERAL DAM INFORMATION

2.1 Dam and Appurtenant Structures Description

The following descriptions of Westville Dam are taken from the Periodic Inspection
Report No. 1 (April 1976, Ref. 1):

Westville Lake is one of a system of six dams and lakes that have
been constructed in the Thames River Basin for flood control
purposes. The Westville Lake is regulated in series with East
Brimfield Lake whenever necessary to maintain downstream flows
within safe channel capacities. The critical damage point is in the
Town of Southbridge immediately downstream, but the lake is also
regulated for the Town of Putnam, Connecticut and for all
downstream communities in the Quinebaug River.

_.Westville Lake is located in south-central Massachusetts on the
Quinebaug River 1.3 miles west of the center of the Town of
Southbridge. The lake occupies portions of both Southbridge and
Sturbridge, Massachusetts. Construction of the project started in
1960 and it became operational in 1962.

...Westville Dam is a rolled-earth fill dam with rock fill as slope
protection; a downstream rock fill toe, a chute spillway founded on
bedrock in the left (north abutment) and an outlet works
incorporated in the spillway weir. A control house between the
embankment and the weir houses operating equipment and
provides entry to the spillway gallery. Access to the control house
is by means of an access bridge supported by a non-overflow
section between the control house and the embankment. ...The
permanent pool is set at elevation 525.0. Principal recreation
activities at the site are picnicking, boating and swimming.

Plate 1 shows the location of Westville Dam on the local U.S. Geologic Survey topographic
quadrangle map. Plate 2 shows a simplified plan of the dam and abutments. Plates 17
through 26 are copies of record drawings - Plate 17 (Plan of Foundation Explorations),
Plate 18 (Log Profile 1-1 and Geologic Sections 2-2, 3-3, and 4-4), Plate 19 (Geologic
Sections 5-5 and 6-6), Plate 20 (Record of Foundation Explorations No. 1), Plate 21 (Record
of Foundation Explorations No. 2), Plate 22 (Record of Foundation Explorations No. 3),
Plate 23 (General Plan), Plate 24 (Embankment Profile and Sections No. 1), Plate 25
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(Embankment Profile and Sections No. 2), and Plate 26 (Spillway and Outlet Works
Channel Sections).

The following data (Ref. 1) summarize the important features of the dam:

Summary of Pertinent Data, Westville Dam

Location: Quinebaug River, Southbridge and Sturbridge, Massachusetts
Drainage Area: 99.5 square miles

Dam
TYPE oo Rolled earth and rock fill
Length ... 560 feet
Maximum height above streambed . . ....... .. ... 78 feet
TOp €leVAtION ... ..ottt 587 feet
Top Width ... 25 feet
Embankment slopes
L8] 13 1= 11 ¢ P R R R 2.5H:1V
DOWRISIIEAIM . . ot tve e et ei e e ae e e 2.5H:1V
Outlet Works
Type ... Upstream intake weir and outlet conduits in rock, located below spillway
SEIVICE ZAES .. vt v it e eiie e Three electric slide gates
Sill eleVatiON . . ot e e e e e e e e 515 feet
Maximum discharge capacity . ... .....cuoeereennernennenennan. 3,750 cfs
Tunnelsize .................. Three tunnels, each 4.0 feet wide x 6.0 feet high

There are no emergency gates. Stop-log slots are provided up-stream of service gates.

A "U" (in plan) shaped concrete weir upstream of the center gate contains five 4 feet
wide x 6 feet high stop-log openings to control a pool varying from elevation 524.0
to elevation 527.0.

Spillway
Type ............ Uncontrolled, concrete ogee weir and unlined channel in rock
Crest elevation ... ...ovenron it e 572 feet

Crestlength .. ... ... o 200 feet



Reservoir Data

Elevation Area Cumulative Cumulative
Capacity ~ Equivalent Run-off
(feet) (Acres) (Acre feet) (inches)

Conduit Invert 515.0 - - -
Permanent Pool 525.0 23 100 -

Flood Control 525.0-572.0 1,220 11,000 6.4

Storage

Spillway Crest 572.0 1,220 11,100 -
Maximum Surcharge 582.1 1,650 24,300 14.2

2.2 Geology and Foundations

The following descriptions of site geology at Westville Dam are taken from the Periodic
Inspection Report No. 1 (April 1976, Ref. 1):

General. The Westville Lake Project area lies in the northward
continuation of the eastern upland area of Connecticut, which is a
portion of the New England upland physiographic province. The
Quinebaug River at the dam site flows easterly in a narrow partly
filled pre-glacial valley. Relief of the area presents a strong north-
northeast - south-southwest orientation reflecting a structural
control modified by glacial erosion and deposition. The bedrock
of the immediate area consists of folded metamorphic rocks with
extensive granitic intrusions. The overburden consists predomi-
nantly of clayey glacial till in the uplands with minor deposits of
outwash and ice contact sands and gravels in lower areas.

Dam. Overburden consisting of thick uniform clayey till forms the
steep south (right) abutment and a portion of the valley bottom
adjacent to the south (right) bank of the river. The central and
northern (left) portions of the river bottom are underlain by a thin
blanket up to ten feet thick of alluvial sands and gravels over
glacial till. The till layer is also thin, in the order of 2 to 5 feet
thick, and directly overlies bedrock. A cut-off wall was con-
structed to bedrock in this area from Station 5+25 and extending
up the north (left) abutment to the south (right) training wall of the
emergency spillway. Bedrock is exposed at the ground surface
adjacent to the river on the north (left) abutment, but is buried
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further up the abutment to depths of up to 25 feet with deposits of
poorly sorted till which had been locally reworked to varying
degrees of permeability. Bedrock was exposed prior to construc-
tion on the north (left) abutment between the river and the aban-
doned railroad cut approximately 150 feet from the river's edge.
The rock is weathered and fractured to varying degrees throughout
the area, and was highly weathered and fractured between the
abandoned railroad cut and the river. Structure locations were
avoided in this area insofar as was possible. High water losses
during drilling and pressure testing indicated the need for a grout
curtain beneath the structures. This grout curtain was constructed
from the southern (right) end of the cutoff wall at 5+25 to the north
(left) wall of the spillway weir at approximately Station 11+00. A
predominance of steeply dipping, open joints combined with
frequent bedding joints occurs in the upper rock zones.

Spillway and Outlet Works. The foundations of the control house,
outlet structure and spillway weir were all carried to sound rock.
The major portions of the intake and outlet channels from
approximately Station 6+00 to Station 14+00 are predominately in
rock cut, with slopes of about 4 on 1 [1H:4V]. The lower portion
of the spillway discharge channel is also in rock. Line drilling on
vertical slopes was performed here as this section will be subject
to strong turbulent flow during spillway discharge. The spillway
approach channel is cut in glacial till.

2.3 Significant Pools

Three significant storm events have occurred during April 1993, April 1987, and June 1984.
Each event is described below.

2.3.1 April 1993 High Pool

During the last two weeks in March 1993, rainstorms combined with snowmelt
generated high pool elevations at Westville Lake Dam. The pool peaked at elevation
558.9 feet (NGVD) (a 43.9-foot pool stage) on April 2. No problems or abnormalities
were reported from the Project Manager.



2.3.2 April 1987 Flood

During April 1987, the embankment was subjected to its second highest impoundment
to date with a maximum water surface elevation of 564.2 feet (NGVD), 49.2-foot
stage, 48% full. The highest impoundment occurred in June 1984 with a maximum
water surface elevation of 565.5 feet (NGVD), 50.5-foot stage, 56% full.

An emergency inspection team from Geotechnical Engineering Branch observed
conditions during the April 1987 flood. The embankment was seen to be performing
satisfactorily under the high pool condition. Seepage was observed flowing in an area
of the old river channel located approximately 100 feet from the downstream toe. The
flow was clear and runoff from the right abutment seemed to be contributing to the
flow. There was no evidence of boils.

2.3.3 June 1984 Flood

During June 1984, the embankment was subjected to its highest impoundment to date
with a maximum water surface elevation of 565.5 feet (NGVD), 50.5-foot stage, 56%
full.

Two seepage areas were observed at the downstream toe. Seepage area 1 was located
approximately 75 feet downstream from the toe at about Station 6+00. Active sand
boils were observed. Seepage area 2 was located approximately 100 feet downstream
from the toe between Stations 6+50 and 8+50. Water flow was observed from three
to four locations at 1/3 to 1 gallon per minute. In addition, five depressions from 1.5
to 4 feet in diameter and 0.5 to 1 foot deep were observed in the rock waste area
located about 20 feet downstream of the toe at approximately Station 6+00. Recom-
mendations included continued visual observations and installation of nine
piezometers to determine the source of seepage.
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3. INSTRUMENTATION

3.1 Crest Monuments

Six crest monuments (Mon. 1 through 6), two base-line, vertical control monuments (BL-2
and BL-3), and two horizontal control monuments (A and B) were installed in 1985. The
crest monuments consist of 4-inch-diameter, concrete-filled steel pipes. The tip of the steel
pipes are 10 feet below the ground surface. A brass disk is set in the top of each monument
at the ground surface, and concrete is placed around the upper section of the pipe. The
current standards and procedures employed by Corps of Engineers surveyors for crest
monument surveys at Westville Lake Dam are provided in Appendix G. Plate 3 shows the
locations of the monuments. Table 1 gives the survey data for the monuments from
September 1988 and July 1995.

3.2 Piezometers

A total of fourteen piezometers, six single piezometers, and four double piezometers (PZ-1
through 14) were installed on the downstream slope and along the downstream toe of West-
ville Dam during 1985 and 1986 in borings FD-85-1 through 4 and FD-86-6 through FD-86-
11. Plate 3 shows the locations of the piezometers. Table 2 gives the stations, offsets,
boring number, and elevations of key piezometer features.

The piezometers are Casagrande-type piezometers constructed with sand filters and 2-foot-
slotted lengths of PVC pipe sealed at selected elevations over filtered lengths ranging from
3.8 to 34.0 feet. Depths of piezometer sand filters range from 10.2 feet to 92.0 feet below
ground surface. Piezometer risers are 1-inch-outer-diameter by 3/4-inch-inner-diameter
PVC pipes. Piezometer seals are either concrete (PZ-1 through 4) or bentonite (PZ-5
through 14).

Plates 4 and 5 show the engineering logs of the piezometers. Plates 6,7, 8, and 9 show cross
sections and profiles of the embankment with piezometer locations. Appendices A and B
contain the boring logs for the piezometer borings and the piezometer falling head test data,
respectively.
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4. DATA COLLECTION, INTERPRETATION AND EVALUATION

Crest Monuments

The New England Division, Corps of Engineers surveyors surveyed the crest monuments
in September 1988 and in July 1995. Crest Mon. 4 was damaged and replaced between the
1988 and 1995 surveys. Table 1 gives the survey data and the movements computed based
on differences in the survey data. Computed horizontal and vertical movements were small
with a maximum horizontal movement of 0.0202 foot at Mon. 5 and a maximum vertical
movement of 0.01 foot downward at Mons. 1 and 2. Plate 10 shows 1995 baseline distances
between the monuments. Plate 11 shows the computed horizontal movements of the
monuments between September 1988 and July 1995.

4.2

4.1.1 Interpretation and Evaluation

The surveys indicate the total settlement of all monuments from 1988 to 1995 is
limited to 0.01 foot (0.12 inch). This range of movement is within the limits of the
accuracy of the survey so it is possible that no settlement has occurred. However,
minor settlement of the embankment or settlement of the monuments within the
embankment could have occurred. This small amount of recorded settlement is
considered negligible.

The two horizontal movement surveys, performed using a combination of trilateration
and angles, show the range of movement of monuments between 1988 and 1995
ranged from 0.0019 to .0202 foot (0.0228 to 0.2424 inch). The net horizontal
movement of the monuments is in the downstream direction. Additionally, there was
no physical evidence of movement at any monument, such as slumps, scarps, cracks,
or depressions that would indicate any movement is taking place in the embankment.
The overall downstream direction of movement of the monuments indicates the
embankment may be experiencing some very minor deformations. Based on the data
that has been acquired to date, it is concluded that there has been insignificant
horizontal movement within the embankment.

Piezometers
4.2.1 Data Collection
The project personnel measured piezometer pore water elevations on a monthly basis

since August 1990. Daily measurements of piezometers have been made during
periods of high pool levels when the pool level was greater than El. 535.0. Appendix
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C contains the "Reading Schedule for Piezometers" that provides instructions for
piezometer data collection.

Table 3 lists measured pore water elevations in the piezometers from August 1990 to
August 1995. These data are plotted as time histories in Appendix D for the piezom-
eter groups along Profile A-A (PZ-7, 8, 9, and 10), Profile B-B (PZ-1, 2, 3, 4, 5, and
6), Section C-C at Station 5+15 (PZ-7, 8, 11, 12, and 4), and Section D-D at
Station 6+00 (PZ-9, 10, 13, 14, and 3). Appendix E contains plots of piezometer time
history data during the April 1993 high pool event for these same piezometer groups.

4.2.2 Interpretation and Evaluation

The piezometer data provide a means to determine phreatic surfaces across the dam
embankment for historic pool levels and to predict phreatic surfaces for maximum
pool levels.

An average piezometer pore water elevation was calculated for each piezometer based
on the monthly data excluding the daily data collected during high pool periods.
Table 4 lists the selected piezometer data used to calculate average piezometer levels
along with the calculated averages. Plates 13, 14, 15, and 16 show these average
piezometer pore water elevations on the profiles and cross sections.

For the April 1993 high pool, the maximum piezometer pore water elevations
measured at each piezometer during the April 1993 high pool are shown in Plates 12,
13, 14, 15, and 16. Plate 12 shows plots of piezometer pore water elevation contours
for the April 1993 high pool across the downstream area of the dam. No piezometer
pore water elevation measurements were made during the previous higher
impoundments during June 1984 and April 1987 since establishment of the piezometer
reading schedule did not begin until 1990.

The responses of pore water elevations were estimated at the piezometers to a pool
level at elevation 572.0, the crest level of the emergency spillway. Appendix F
contains plots for each piezometer of the pore water elevations versus pool elevation.
These plots were used to extrapolate a predicted pore water elevation at each
piezometer for a pool elevation of 572. Table 5 lists these predicted pore water
elevations. Plates 13, 14, 15, and 16 also show these predicted maximum piezometer
pore water elevations on the profiles and sections.

The predicted piezometer pore water levels are typically higher than, but consistent
with past measurements. In general, pore pressures at the piezometers indicate that
the steepest downstream pressure gradients (see Plate 12) occur from the abutment and
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downstream valley sides to the river channel. The downstream gradients
perpendicular to the dam axis (see Plates 8 and 9) at the Station 5+15 and 6+00
sections are relatively flat, indicating that the embankment provides a relatively
effective cutoff of upstream seepage pressures and adequate drainage for downstream
seepage.

4.2.3 Individual Piezometer Evaluation
4,2.3.1 Piezometer PZ-1

PZ-1 is located 150 feet downstream of the dam centerline at Station 8+05,
about 25 feet downstream of the toe of the dam. The tip is located at El. 532.5
feet (NGVD), in bedrock. The tip is surrounded by filter sand that extends
from EL 531.1 to El 538.6 feet (NGVD). Immediately overlying the filter
sand is a 3-foot-thick concrete seal that extends to the ground surface. The
pervious zone of PZ-1 extends through bedrock with a rock core recovery 70
to 75 percent.

A history of the piezometer's response to pool fluctuations for all available data
collected to date is presented on plots located in Appendices D, E, and F.
Based on these plots and the piezometer data in Table 3, PZ-1 is typically dry
during normal pools but appears to react within one day to a rising or falling
pool level above EL 545 feet (NGVD). Below a pool level of EL 545
(NVGD), the piezometer data (See Appendix F) show no strong correlation
with pool level. Discharge through the adjacent spillway channel or perched
water levels due to heavy rainfall may be the major factors influencing PZ-1
levels. The maximum water level recorded for PZ-1 during the April 1993
event was EL 540.0 feet (NGVD), which occurred on the same day as the
highest pool level for the April 1993 event. The extrapolated piezometer level
in Appendix F for a pool level at the spillway crest, El. 572 feet (NGVD), is
El 541.6 feet (NGVD), ground surface level.

4.2.3.2 Piezometer PZ-2

PZ-2 is located 185 feet downstream of the dam centerline at Station 7+10.
PZ-2 is located downstream of the toe of the dam. The tip is located at
EL 530.7 feet (NGVD), in bedrock. The tip is surrounded by filter sand that
extends from EL 530.6 to EL 537.8 feet NGVD). Immediately overlying the
filter sand is a 3-foot-thick concrete seal that extends to the ground surface.
The pervious zone of PZ-2 extends through bedrock with a rock core recovery
43 to 88 percent.
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A history of the piezometer's response to pool fluctuations for all available data
collected to date is presented on plots located in Appendices D, E, and F.
Based on these plots and the piezometer data in Table 3, PZ-2 is typically dry
during normal pools. The maximum water level recorded for PZ-2 during the
April 1993 event was El. 537.2 feet (NGVD) four days before the maximum
pool level. The data collected to date, shown on the plot in Appendix F,
displayed no correlation with pool levels. PZ-2 levels probably indicate
perched water levels from heavy rainfall. Therefore, the median piezometer
level, El. 535.8 feet NGVD), was used as the predicted level when the pool
reaches the spillway crest, El. 572 feet NGVD).

4.2.3.3 Piezometer PZ-3

PZ-3 is located 220 feet downstream of the dam centerline at Station 6+00,
slightly upstream from the toe of the dam. The tip is located at El. 498.0 feet
(NGVD). The top of bedrock is located at El. 498.8 feet (NGVD). The tip is
surrounded by filter sand that extends from El 494.8 to EL 514.8 feet
(NGVD). Immediately overlying the filter sand is a 3-foot-thick concrete seal
that extends to the ground surface. The pervious zone of the piezometer
extends through boulders and the sandy gravel (GP)/gravelly sand (SP)
foundation drain into bedrock.

A history of the piezometer's response to pool fluctuations for all available data
collected to date is presented on plots located in Appendices D, E, and F. The
average water level in the piezometer is El. 512.8 feet (NGVD). The
piezometer water level appears to react within a day over a small range of
about 3 feet to a rising or falling pool level (see Appendix F). The maximum
water level recorded for PZ-3 during the April 1993 event was 2.6 feet above
average at EL. 515.4 feet NGVD). The extrapolated piezometer level shown
in Appendix F is 3.3 feet above average at El. 516.1 feet (NGVD) for a pool
level at the spillway crest, El. 572 feet (NGVD).

4.2.34 Piezometer PZ-4

PZ-4 is located 200 feet downstream of the dam centerline at Station 5+00 in
the rock waste area, slightly downstream from the toe of the dam. The tip is
located at El. 504.4 feet (NGVD). The tip is surrounded by filter sand that
extends from El 501.1 to EL 518.9 feet NGVD). Immediately overlying the
filter sand is a 3-foot-thick concrete seal that extends to the ground surface.
The pervious zone of PZ-4 extends through silty sand (SP), clayey silt (till,
MH), sandy gravel (GP), and one boulder.



-12-

A history of the piezometer's response to pool fluctuations for all available data
collected to date is presented on plots located in Appendices D, E, and F. The
average water level in the piezometer is El. 514.6 feet (NGVD). The piezo-
meter water level appears to react within a day over a small range of about
4 feet to rising or falling pool levels (see Appendix F). The maximum water
level recorded for PZ-4 during the April 1993 event was 3.9 feet above average
at El. 518.5 feet (NGVD). The extrapolated piezometer level shown in
Appendix F is 5.1 feet above average at EL. 519.7 feet (NGVD), for a pool
level at the spillway crest El. 572 feet (NGVD).

4.2.3.5 Piezometer PZ-5

PZ-5 is located 160 feet downstream of the dam centerline at Station 4+00,
slightly downstream from the toe of the dam. The tip is located at El. 521.0
feet NGVD). The tip is surrounded by filter sand that extends from El 517.1
to El. 538.4 feet (NGVD). Immediately overlying the filter sand is a 4-foot-
thick bentonite seal that extends to the ground surface. The pervious zone of
PZ-5 extends through glacial till-lean clay with gravel (CL) and clayey silty
sand with gravel (SC).

A history of the piezometer's response to pool fluctuations for all available data
collected to date is presented on plots located in Appendices D, E, and F. The
average water level in the piezometer is El. 539.3 feet (NGVD). Water levels
in PZ-5 are typically higher than the pool level, indicating seepage from the
right abutment controls the water level at PZ-5. The maximum water level
recorded for PZ-5 during the April 1993 event occurred four days before
maximum pool level and was 2.1 feet above average at El. 541.4 feet (NGVD).
The extrapolated piezometer level shown in Appendix F is 2.0 feet above
average at El. 541.3 feet (NGVD) for a pool level at the spillway crest, El. 572
feet (NGVD).

4.2.3.6 Piezometer PZ-6

PZ-6 is located 120 feet downstream of the dam centerline at Station 3+00, at
the toe of the dam. The tip is located at El. 545.7 feet (NGVD). The tip is
surrounded by filter sand that extends from El. 542.7 to EI. 557.9 feet
(NGVD). Immediately overlying the filter sand is a 3-foot-thick bentonite seal
that extends to the ground surface. The pervious zone of PZ-6 extends
through glacial till-cobbles, and boulders; clayey, silty sand with gravel; and
lean clay with sand and gravel (CL).
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A history of the piezometer's response to pool fluctuations for all available data
collected to date is presented on plots located in Appendices D, E, and F. The
average water level in the piezometer is El. 557.6 feet (NGVD). Water levels
in PZ-6 are typically higher than the pool level, indicating seepage from the
right abutment controls the water level at PZ-6. The maximum water level
recorded for PZ-6 during the April 1993 event occurred one day before
maximum pool level and was 3.0 feet above average at El. 560.6 feet NGVD).
The extrapolated piezometer level shown on the plot in Appendix F is 2.8 feet
above average at El. 560.4 feet (NGVD) for a pool level at the spillway crest,
El 572 feet (NGVD).

4.2.3.7 Piezometer PZ-7

PZ-7 is located 45 feet downstream of the dam centerline at Station 5+15. The
tip is located at El. 493.8 feet (NGVD) in the subgrade soil below the
embankment dam. The tip is surrounded by filter sand that extends from
El 488.6 to El 500.7 feet NGVD). Immediately overlying the filter sand is
a 3-foot-thick bentonite seal. The pervious zone of PZ-7 extends through
glacial till-sandy lean clay (CL).

A history of the piezometer's response to pool fluctuations for all available data
collected to date is presented on plots located in Appendices D, E, and F. The
average water level in the piezometer is El. 516.5 feet (NGVD). The
piezometer water level appears to react within one day to a rising or falling
pool level. The maximum water level recorded for PZ-7 during the April 1993
event was 6.4 feet above average at El. 522.9 feet (NGVD). PZ-7 typically
shows an upward gradient from the lower piezometer PZ-8 set in rock. The
upward gradient is consistent with seepage gradients expected from an
embankment with an effective impervious core but less effective bedrock
cutoff system or a shorter or more transmissive seepage path from the upper
piezometer to the pervious fill drain. The extrapolated piezometer level shown
in Appendix F is 8.6 feet above average at El. 525.1 feet (NGVD) for a pool
level at the spillway crest, El. 572 feet NGVD).

4.2.3.8 Piezometer PZ-8

PZ-8 is located in the same borehole as PZ-7. The tip is located at
El. 480.3 feet (NGVD). The tip is surrounded by filter sand that extends from
El. 479.0 to El 485.6 feet NGVD). Immediately overlying the filter sand is
a 3-foot-thick bentonite seal. The pervious zone of PZ-8 extends through
bedrock with a rock core recovery of 69 to 82 percent.
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A history of the piezometer's response to pool fluctuations for all available data
collected to date is presented on plots located in Appendices D, E, and F. The
average water level in the piezometer is EL 516.2 feet (NGVD). The
piezometer water level appears to react within one day to a rising or falling
pool level. The maximum water level recorded for PZ-8 during the April 1993
event was 8.0 feet above average at El. 524.2 feet (NGVD). The extrapolated
piezometer level shown in Appendix F is 10.8 feet above average at El. 527.0
feet (NGVD) for a pool level at the spillway crest, EL. 572 feet (NGVD).

4.2.3.9 Piezometer PZ-9

PZ-9 is located 45 feet downstream of the dam centerline at Station 6+00. The
tip is located at El. 511.3 feet (NGVD). The tip is surrounded by filter sand
that extends from El. 494.2 to El. 517.2 feet (NGVD). Immediately overlying
the filter sand is a 4.7-foot-thick bentonite seal. The pervious zone of PZ-9
extends through pervious embankment fill-silty fine sand (SM) into bedrock
with recoveries of 91% and 36%.

A history of the piezometer's response to pool fluctuations for all available data
collected to date is presented on plots located in Appendices D, E, and F. The
average water level in the piezometer is El 518.2 feet (NGVD). The
piezometer water level appears to react within one day to a rising or falling
pool level. The maximum water level recorded for PZ-9 during the April 1993
event was 6.5 feet above average at El. 524.7 feet (NGVD). Data from
piezometer pair PZ-9 and PZ-10 indicate higher pore water elevations in the
upper piezometer. PZ-9 was constructed with a 23-foot-long pervious zone
that spans soil and rock zones with very poor recovery. Apparently, pore
water elevations over this upper zone monitored by PZ-9 are higher than in the
lower 6.4-foot-long pervious zone set in more competent rock monitored by
PZ-10. Factors that could cause these pore water elevation differences would
be higher transmissivity between the pool and the PZ-9 pervious zone and/or
higher transmissivity between PZ-10 and downstream water pressures. The
extrapolated piezometer level shown on the plot in Appendix F is 8.6 feet
above average at El. 526.8 feet (NGVD) for a pool level at the spillway crest,
El 572 feet (NGVD).

4.2.3.10 Piezometer PZ-10

PZ-10 is located in the same borehole as PZ-9. The tip is located at
El 485.9 feet (NGVD). The tip is surrounded by filter sand that extends from



4.24

-17-

El 495.6 to EL 505.5 feet NGVD). Immediately overlying the filter sand is
a 3.4-foot-thick bentonite seal. The pervious zone of PZ-14 extends through
bedrock with a rock core recovery 70 to 100 percent.

A history of the piezometer's response to pool fluctuations for all available data
collected to date is presented on plots located in Appendices D, E, and F. The
average water level in the piezometer is El. 515.3 feet (NGVD). The piezom-
eter water level appears to react within one day over a small range of about 4
feet to rising or falling pool levels (see Appendix F). The maximum water
level recorded for PZ-14 during the April 1993 event was 4.3 feet above
average at EL 519.6 feet (NGVD). The extrapolated piezometer level shown
on the plot in Appendix F is 5.5 feet above average at El. 520.8 feet (NGVD)
for a pool level at the spillway crest, El. 572 feet (NGVD).

Profile and Section Interpretation and Evaluation
4.2.4.1 Profile A-A at 45 Feet Downstream From Dam Centerline

Piezometers located along Profile A-A include PZ-7, PZ-8, PZ-9, and PZ-10
as shown in Plates 6 and 13. Several preconstruction borings are also included
in Plate 6. Plate 13 includes (1) average piezometer pore water levels for
normal pool, (2) maximum piezometer pore water levels for the April 1993
high pool (EL. 558.9), and (3) projected piezometer pore water levels for a pool
level at the spillway crest (EL 572).

Time history plots of water level data for these piezometers are included in
Appendix D. Time history water level data recorded for these piezometers
during the April 1993 high pool are included in Appendix E.

These four piezometers appear to be influenced mainly by the elevation of the
pool. The plots of individual piezometer responses versus pool level for these
four piezometers (Appendix F) show a strong correlation between pool level
and the piezometer levels. Piezometer levels along A-A peaked on the same
day as maximum pool during the April 1993 event.

The pore water levels shown on Plate 13 for average, April 1993, and
projected piezometer levels are significantly below corresponding pool levels.
This drop in pore water levels across the dam indicates that the combination
of embankment impervious fill core, foundation grout curtain, and
embankment pervious fill drain provide a relatively effective cutoff of
upstream seepage pressures and drainage of downstream seepage pressures.
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Pore pressure gradients for high pool levels across the two piezometer couplets
along Profile A-A differ from each other. The PZ-7,8 couplet has a downward
gradient for high pool levels, while the PZ-9,10 couplet has an upward
gradient. The differences reflect the variability of transmissivities across the
width and height of the dam.

4.2.4.2 Profile B-B at 175 Feet Downstream From Dam Centerline

Piezometers located along Profile B-B include PZ-1, PZ-2, PZ-3, PZ-4, PZ-5
and PZ-6 as shown in Plates 7 and 14. Several preconstruction borings are
also included in Plate 7. Plate 14 includes (1) average piezometer pore water
levels for normal pool, (2) maximum piezometer pore water levels for the
April 1993 high pool (EL 558.9), and (3) projected piezometer pore water
levels for a pool level at the spillway crest (El. 572).

Time history plots of water level data for these piezometers are included in
Appendix D. Time history plots of water level data recorded for these
piezometers during the April 1993 high pool are included in Appendix E.

Profile B-B include four abutment piezometers - PZ-5 and PZ-6 on the right
abutment and PZ-1 and PZ-2 on the right abutment. Average pore water levels
in PZ-5 and PZ-6 are above normal pool level, indicating that seepage from the
right abutment controls these piezometer levels. PZ-1 and PZ-2 are typically
dry and typically do not show a correlation with pool level during high pool
events. Perched water levels due to heavy rainfall may be the primary factor
influencing PZ-1 and PZ-2 levels.

PZ-3 and PZ-4 are set at the toe of the dam in the valley floor area. Both
piezometers appear to react within one day over a relatively small range (3 to
4 feet) to rises or falls in pool level. The reactions of PZ-3 and PZ-4 probably
reflect the effective drainage of the pervious fill embankment drain to the toe
area.

4.2.4.3 Section C-C at Station 5+15

Piezometers located along Section C-C at Station 5+15 include PZ-4, PZ-7,
PZ-8, PZ-11, and PZ-12 as shown in Plates 8 and 15. Several preconstruction
borings are also included in Plate 8. Plate 15 includes (1) average piezometer
pore water levels for normal pool, (2) maximum piezometer pore water levels
for the April 1993 high pool (El. 558.9), and (3) projected piezometer pore
water levels for a pool level at the spillway crest (El. 572).
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Time history plots of water level data for these piezometers are included in
Appendix D. Time history plots of water level data recorded for these
piezometers during the April 1993 high pool are included in Appendix E.

The piezometer levels in Section C-C appear to be influenced mainly by the
elevation of the pool. The plots of individual piezometer responses versus pool
level for these five piezometers (Appendix F) show a strong correlation
between pool level and the piezometer levels. Piezometer levels along C-C
peaked on the same day as maximum pool during the April 1993 event.

The pore water levels shown in Plate 15 and inferred phreatic surfaces show
a steep gradient across the impervious fill core of the dam. This drop in pore
water levels across the core of the dam indicates that the combination of
embankment impervious fill core, foundation grout curtain, and embankment
pervious fill drain provide a relatively effective cutoff of upstream seepage
pressures and drainage of downstream seepage pressures.

Pore pressure gradients for high pool levels across the two piezometer couplets
along Section C-C indicate upward gradients. The upward gradients may
indicate an effective impervious core but less effective bedrock grout curtain,
or they may indicate a shorter or more transmissive seepage path from the
upper piezometers to the pervious fill drain.

4.2.44 Section D-D at Station 6+00

Piezometers located along Section D-D include PZ-3, PZ-9, PZ-10, PZ-13, and
PZ-14 as shown in Plates 9 and 16. Several preconstruction borings are also
included in Plate 9. Plate 16 includes (1) average piezometer pore water levels
for normal pool, (2) maximum piezometer porewater levels for the April 1993
high pool (558.9), and (3) projected piezometer pore water levels for a pool
level at the spillway crest (E1.572).

The piezometer levels in Section D-D appear to be influenced mainly by the
elevation of the pool. The plots of individual piezometer responses versus pool
level for four of these five piezometers (Appendix F) show a strong correlation
between pool level and the piezometer levels. PZ-13, however, appears to be
non-responsive to changes in pool levels, probably due to the effectiveness of
the pervious fill drain in which it is set. Except for PZ-13, piezometer levels
along D-D peaked on the same day as maximum pool during the April 1993
event. :
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The pore water levels shown in Plate 15 and inferred phreatic surfaces show
a steep gradient across the impervious fill core of the dam. This drop in pore
water levels across the core of the dam indicates that the combination of
embankment impervious fill core, foundation grout curtain, and embankment
pervious fill drain provide a relatively effective cutoff of upstream seepage
pressures and drainage of downstream seepage pressures.

Pore pressure gradients for high pool levels across the two piezometer couplets
along Section D-D differ from each other. The PZ-13,14 couplet has a
downward gradient for high pool levels, while the PZ-9,10 couplet has an
upward gradient. The differences reflect the variability of transmissivities
across the section.

Phreatic Surface Elevation Plan Interpretation and Evaluation

The piezometer pore water elevation contours for the April 1993 high pool event are
shown in Plate 12. The pool reached a maximum height of El. 558.9 on April 2, 1993.
In general, pore pressure at the piezometers indicate that the steepest downstream
pressure gradients (~0.20 feet/feet) occur from the abutment and downstream valley
sides of the river channel.



21-

5. CONCLUSIONS AND RECOMMENDATIONS

5.1 General

Based on past performance of the dam and on the performance of the instrumentation to
date, the Westville Dam appears to be suitably instrumented. Existing instrumentation
indicates that the dam embankment is functioning suitably relative to seepage and crest
movements.

5.2 Crest Monuments

The crest monuments provide a suitable index for measurement and evaluation of ongoing
creep movements. The measured horizontal and vertical movements to date are small,
typically less than 0.02 foot (0.24 inch) and do not appear to indicate problems. Small
movements will probably continue, most likely due to weathering, degradation, and
consolidation of the downstream rock fill. The crest monuments should be surveyed before
each periodic inspection so that the inspection team can be given movement data for
evaluation.

5.3 Piezometers

The 14 piezometers (6 single and 4 double) provide data to aid in evaluating seepage and
pore pressure concerns. The piezometer data indicate that the embankment provides a
relatively effective cutoff of upstream seepage pressures and drainage for downstream
seepage. Past observations of seepage in 1984 (Refs. 3 and 7) appear to indicate seepage
flow down from the abutments and downstream valley sides because of the steep gradients
from those areas.

Piezometers and pore pressure data are not available for the upstream part of the
embankment and for cross sections other than at Station 5+15 and 6+00. No additional
instrumentation is recommended.

Predicted piezometer pore water elevations for maximum pool should be compared with
assumed phreatic surfaces used for stability evaluations of the embankment.
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Table 5 - PREDICTED PIEZOMETER PORE WATER ELEVATIONS
FOR POOL LEVEL AT SPILLWAY CREST (EL. 572)
Instrumentation Appendix to Periodic Inspection Report No. 5

Westville Lake Dam
Southbridge/Sturbridge, Massachusetts

Piezometer

Projected Piezometer Elevation

for Reservoir at E1.572

PZ-1
PZ-2
PZ-3
PZ-4
PZ-5
PZ-6
Pz-7
PZ-8
PZ-9
PZ-10
PZ-11
PZ-12
PZ-13
PZ-14

541.6
535.8
516.1
519.7
541.3
560.4
525.1
527.0
526.8
525.8
525.7
527.7
5151
520.8

GEIl Consultants, Inc.

Project 95272
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95272-04 02/28/96 BGG/AAB

DEPTH BELOW GROUND SURFACE, FEET

DEPTH BELOW GROUND SURFACE, FEET
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|82 ol {9
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NOTES:

1. SEE PLATE 3 FOR BORING LOCATIONS.
2. ELEVATIONS REFER TO NATIONAL GEODETIC VERTICAL DATUM (NGVD) OF 1829.
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33 I3
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UTTLE GRAVEL — TILL é _ z
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1 8
95| SP SAND AND GRAVEL, BROWN PZ—4 TP E NSLSO— NR NO_RECOVERY-BOULDER B %
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U.S. Army Corps of Engineers
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Instrumentation Evaluation
Westville Lake Dam
Southbridge/Sturbridge
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95272-05 02/28/96 BGG/AAB

DEPTH BELOW GROUND SURFACE, FEET
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— 80
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ELEVATION, FEET (NGVD)

ELEVATION, FEET (NGVD)

95272-06 02/28/96 BGG/AAB
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¥ ; nstrumentation Evaluation
| 5y B U.S. Army Corps of Engineers Wootiile Lake D PROFILE A-A
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g - Southbridge/Sturbridge .
80 : 7 (D Massachusetts DAM CENTERLINE
i . £ 4712 i \}Y GEI Consultants, Inc. Project 95272 February 1996 Plate 6




ELEVATION, FEET (NGVD)

ELEVATION, FEET (NGVD)

95272-07 02/28/96 BGG/AAB
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ELEVATION, FEET (NGVD)
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LN

Instrumentation Evaluation
Westville Lake Dam
Southbridge/Sturbridge
Massachusetts

SECTION C-C
AT STATION 5+15

2 GEI Consultants, Inc.

Project 95272

February 1996 Plate 8




95272-09 02/28/96 BGG/MB

ELEVATION, FEET (NGVD)

590

580

560

w
N
(=]

480

460

———— UPSTREAM

sl

¢ DAM

PZ-10 EL. 577.5
PZ-9 EL. 5775

( PZ—13,14> = %80
2'—0" GRAVEL BEDDING FD 86-7

EL. 513.0

et

DOWNSTREAM ————

— 590

~=
ol
] (Yo}
SN | ~ToPSOL
___9—5“%5—
o ——pz-9 ne||HL
/——EL. 511.34
EL 4904 é PZ-10 TIP

EL. 485.9

SECTION D-D

i

EL. 4848 SAND

AND

GRAVEL EL. 469.5

0

e ™ sy " ——

30

GIO FEET

1 =

30’

== 500
T\EC 4980

— 480

— 460

NOTES:
1. SEE PLATES 4 AND 6 FOR LEGEND AND GENERAL NOTES.
2. SEE PLATE 3 FOR LOCATION OF SECTION D-D.

3. BORINGS FD-7, FD-10, FD-43, AND FD—48 WERE
PERFORMED PRIOR TO BUILDING THE DAM.

4. BORINGS FD 85-3, FD 86—7 AND FD 86—8 WERE
PERFORMED AFTER THE DAM WAS BUILT.

) b~ 4
PZ-3
i —| 560
~ PZ-14 EL 544.1 FD 85-3
/ Sk ]
~
PZ-13 EL. 543.8 Bl g
=iy 2| Rock wasTE — — 540 ¥
' VEL. BEDDING 7] ]
- 7-3 §
EL 5201] _| sp9 5

U.S. Amy Corps of Engineers
Waltham, Massachusetts

¢

GEI Consultants, Inc.

Instrumentation Evaluation
Westville Lake Dam
Southbridge/Sturbridge
. Massachusetts

SECTION D-D
AT STATION 6+00

Project 95272 February 1996 Plate 9




95272-10 2/19/96 EEV/PTC

MONUMENT

B STA. 11+35.42

N.
E.

T 0+00

394,394.08
448,618.70
EL. 602.04

100

N. 394,711.10
. E. 448,301.68
[ EL. 520.11

A

BASE LINE

”36’30"0077\ B

& pAM

.\-
Ny N
AXIS OF WEIR % N\

Y
/

CREST MONUMENT COORDINATE DATA

SEPTEMBER 1988

JULY 1995

MON.#

NORTHING

EASTING

ELEV.

NORTHING

EASTING

ELEV.

MON. 1
MON.2
MON.3
MON.4
MON.5
MON.6

BL—-2
BL-3

394528.9240
394592.6635
394673.5912
394754.5577
394839.9550
394933.7631

394925.2000
394477.8200

448592.5321
448521.9411
448462.5721
448403.0429
448351.5036
448309.9096

448284.0100
448582.3200

586.79
586.98
587.11
586.98
587.12
586.47

586.03
588.32

394528.9326
394592.6700
394673.6029
394754.5581
394839.9745
394933.7641

394925.2000
394477.8200

448592.5267
448521.9548
448462.5773
448403.0539
448351.5089
448309.9080

448284.0100
448582.3200

586.78
586.97
587.11
587.00
587.12
586.47

586.02
588.32

CONTROL POINTS
COORDINATE DATA

CONTROL

ONTROL| NORTHING | EASTING
A 394588.9178 [448669.9859
B 394928.6040 |448491.4685

N,4500°00' W
AN

BN
= __—DRAINAGE DITCH

§ DAM EXTENDED
O% .
Ty ’og
& o
.00%,‘9
LEGEND
MON.6

CREST SURVEY MONUMENT

_6_A CONTROL POINT FOR VERTICAL AND\OR
1 HORIZONTAL CONTROL

NOTE:

DISTANCES SHOWN BETWEEN MONUMENTS
ARE FOR THE JULY 1995 SURVEY.

0 100 200
SCALE, FEET
1" = 100’

U.S. Army Corps
of Engineers
Waltham, Massachusetts

Ny

2 GEI Consultants, Inc.

Instrumentation Evaluation
Westville Lake Dam

Southbridge /Sturbridge
Massachusetts

CREST MONUMENT
SURVEY DATA

February 1996 Plate 10
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MATCH LINE (SEE FIGURE 2)

CREST_SURVEY MONUMENT / ] X \
HORIZONTAL MOVEMENT ; - .
AMPERVIQUS

STRIPPING FiLL

DRILL HO '
ROC 4.‘

MONUMENT ;_ N ;
B STA. 11 JSS?,‘S’% B STA. 6+87.11 ,
E. 448,618.70 N 30471110
S EL. 602.04 LT OELT520.11
+ o Y é .
o =] | i
I + : 3 BASE LINE
T — N4500°00"W
S
¢ DAM ' __——DRAINAGE DITCH
\o
\
\ o 0.04 0.08

N ———
HORIZONTAL MOVEMENT SCALE, FEET
1" = 0.04’
\

|
H

95272~11 2/19/96 EEV/PTC

%0, LEGEND:
(*] juesimndheotdidbudig
MON.6
CREST SURVEY MONUMENT
0.05 _‘_A CONTROL POINT FOR VERTICAL AND\OR
B °®°r . HORIZONTAL CONTROL
\l‘_.; g & DIRECTION OF HORIZONTAL MOVEMENT
= A EGEND FOR ELEVATION ° SCALE: 1 INCH = 0.04 FEET
E E * MON. 4 DAMAGED AND REPLACED
é * = SYMBOL DESCRIPTION BETWEEN 1988 AND 1995 SURVEYS
o 000 I A A———& s L & 000 g CREST SURVEY MONUMENT
= C; < = A SEPTEMBER 1988 0 100 200
3 i i 3 O |CREST SURVEY MONUMENT P e P e =
| ! | | [ | JULY 1999 PLAN SCALE, FEET
E A < B | C— =l D —l E | E " = 100’
—-0.05 1 1 L | 1 | ~0.
0.0 MON.1 MON.2 MON.3 MON.4 MON.5 MON.6 0.05 S Ay Goros . -
0 0.05 0.10 - Yy P Instrumentation Evaluation
of Engineers Westville Lake Dam HORIZONTAL AND
e ——— Waltham, Massachusetts Soutnbride Searbrine VERTICAL MOVEMENT
VERTICAL MOVEMENT SCALE, FEET M g husett 9 OF CREST MONUMENTS
= 0.05 (? assachusetts |
& GEI Consultants, Inc. Project 95272 February 1996  Plate 11




MATCH LINE

MAXIMUM

DRILL HO

MONUMENT i i IN_ ROCK
B STA., b)) §3§,’$§ | ‘ : >4 B STA 6+87.11
E. 448,618.70 ' =\ 3 el te
8 EL. 602.04 - ,_ EL.'520.11
+ 8 p :
o 2 : BASE LINE
= « = r N450000" W

— DRAINAGE DITCH

6.30"0077\ _
¢ pAM

LEGEND:
PZ-2  PIEZOMETER LOCATION

(536.9) (MAXIMUM POREWATER ELEVATION)
——— 550 =——— GROUNDWATER ELEVATION CONTOUR

NOTE:

MAXIMUM POOL WAS EL. 558.9 FT NGVD
WHICH OCCURRED ON APRIL 2, 1993.

9527224 2/19/96 EEV/AJS/PTC

0 100 200
: IMPERVIOUS e
TSTRIPPING FILL ‘ SCALE, FEE'T
1" = 100
MATCH TR
LINE ->. Army LOorps Instrumentation Evaluation | PHREATIC SURFACE PLAN
\ of Engineers Westville Lake Dam OF MAXIMUM POREWATER
_Walthom, Massachusetts Southbridge/Sturbridge | LEVELS FOR APRIL 1993
E) Massachusetts HIGH POOL
7 2 GEI Consultants, Inc. Project 95272 February 1996  Plate 12




95272-13 02/28/96 BGG/AB

o PZ-7.,8 Z-9,10 — 600
86—9 86-8
[= © jui |
TOP OF DAM EL. 587 =7 S ; E
(el
580 |- - _ J E il PN L 580
T~ 2]
-~ SPLLWAY CREST El. 572 - z
\\ m
560 T~ _APRWL 1993 EL 5989 " EMBANKMENT A
S~ <
g — EMBANKMENT F
.. 540 \\\\\ p7-8 EL. 527 PZ—9 EL. 526.8 . % —{ 540 .
§ . FOUNDATION ~—_ 17 L 251 . Pz-8 EL 524.2 PZ-8 EL 524.7 2l _[Pl 10 EL 5258 ’I § N §
————— - ,/
b ~ LR TIETIEvAS S (1 | e Ve e Y YV ezwesss | -7 | B
- 520 N~ viilew - — — — pe9m.s5182 Willle __ _ _ ——— — = -5 -
g " Iy |y | I — Y- 2
PZ-7 EL. 5165 - T T — — _
5 PZ-8 EL 5162 EL 511.3-4 ‘\“/ 13 g
e ] -{ s00
500 -
B 436 FOUNDATION
i p7-10 TP _
| pz-8 TP —_— .
480 : |_EL 4803 I 480
<8 4770 || ASSUMED BEDROCK SURFACE
LEGEND ]
460 ] I 460
PIEZOMETER NUMBER /" PZ—7 &
ASSUMED BEDROCK SURFACE 86-9
580 BORING NUMBER
E
- GROUND SURFACE
i ELEVATION AT BORING ‘3’ & OFFSET OF BORING
560 E ! — - s60 @2
& -—— EMBANKMENT - 1 B h
—~ % __——"\ - EXISTING GROUND SURFACE
— ~
g 540 g ' L — N -0 §, il ORIGINAL GROUND SURFACE ELEVATION
e . — —‘/‘ W —_— F o~ . T - ™ — -
E 4 sl — E W__ PROJECTED PIEZOMETER PORE WATER LEVEL
: § § WITH POOL AT SPILLWAY CREST EL 572
E ol 3 1% 3 ~_|lllls7__ maAX. PIEZOMETER PORE WATER LEVEL FOR APRIL 1993
EI g ' | E HIGH POOL (ELEVATION 558.9)
i FOUNDATION - INTERPOLATED iz =
x PHREATIC SURFACE . __||}l|| W AVERAGE PIEZOMETER PORE WATER LEVEL FOR
500 G- - s00 NORMAL POOL (AUGUST 1990 — AUGUST 1995).
é PZ-8 TP EL 4803 IN 2 FT. SLOTTED SECTION
S NOTES: -
§ ] 1. SEE PLATE 3 FOR LOCATION OF SECTION A-A Sm_’@j
480 § 2. REFER TO PLATES 4 AND 5 FOR DESCRIPTION OF -1 480 L EL 477.0 (BOTTOM OF BORING)
INEERING LOGS. - - -
ENGINEE! US. Army Corps of Engineers Instru:mer.wtotlon Evaluation PROFILE A—A WITH
3. POOL LEVELS LESS THAN EL. 535 ARE 0 30 60 FEET Waltham, Massachusetts Swﬁ;"’.‘:’e Lake Dam PIEZOMETER PORE
CONSIDERED NORMAL POOL. THE CALCULATED e == outhbridge /Sturbridge
AVERAGE PongSLE\éE_LSFROM AUGUST 1990 TO @ Massachusetts WATER LEVELS
AUGUST 199 26.6 "= 30
1 N GEI Consultants, Inc. Project 95272 February 1996 Plate 13




ELEVATION, FEET (NGVD)

oy

— T

ELEVATION, FEET (NGVD)

95272-14 02/28/96 AAB

-1 590

590 — TOP OF DAM EL 587
ACCESS ROAD PZ-5
\l‘ ] 580
8-~ (FD 86—10>
SPILLWAY CREST FL. 572 = |
- S— —_ g w .
— &
s60 |- _APRIL 1993 EL. 5589 M Po6 EL 5605 2lg PZ—4 PZ—3 - 5%
PZ-6 EL 557.6 | FD 85-4 FD 85-3 |
B S \ i oo ful
BOT. OF BORING EL, 542.7 - - —Z ~ bt —
se0 | PZ-5 EL 541.3 Y\! SZPI-5 EL 5414 8 5o Q 1 sa0 E
PZ-5 EL 539.3 dla dlg ] z z
PZ-4 EL. 5185 ]
B _AVERAGE POOL EL. 5268 - Pzt EL 8197 = E
EL. 521.0 N w PI=3 B 5161 i o2 é
520 |- - T e e - N n L~
PZ-4 EL 5146 . 4 - - T T - g
X \\\\\HLL — 1 9 _
| GLACIAL TILL pz-4 TR T~ 1 g
St/ _B so1.1 PZ-3 EL 512.8 Z  _Is00
500 |~ PZ-3 TP | E
EL_498.0 3
— m -
!B
480 |- ] G 480
5
R - -
e
460 L R P
©
2
560 — . s — 560
o P7=1 EL 5416 pZ-1 EL 540.0 WALL o - R
[ rre F TS
5001 & pPz-2 EL. 537.2 wal =ik _ - 540§
P22 6L 5972 :
n DISCHARGE
| = EL. 531.1 - CHANNEL N E .
a i EL 530.7 EL 532.5 é NOTES;
520 |- ASSUMED BEDROCK SURFACE - 520 1. SEE PLATE 13 FOR LEGENQ
é T _ E 2. SEE PLATE 3 FOR LOCATION OF SECTION B-B.
~ X ElIE=]=]
Z ' J 500 3. POOL LEVELS LESS THAN EL 535 ARE CONSIDERED
500 I~ E NORMAL POOL. THE CALCULATED AVERAGE POOL LEVEL
8| 0 30 60 FEET FROM AUGUST 1990 TO AUGUST 1995 IS EL. 526.6
[+ 4 | |
2 e 4. PZ—1 AND PZ—2 ARE NORMALLY DRY.
wol w! 1" = 30 :
=1 ~ Instrumentation Evaluati
u.S. Army Corps of Englneers S rumen gtion cvaluagton PROFILE B—B WITH
B gl Waltham, Massachusetts Sw‘::év"';e L/aSkte rt?azjn PIEZOMETER PORE
: outhbridge/Sturbridge LEVE
460 = @ Massachusetts WATER LS
N’ GEI Consultants, Inc. Project 95272 February 1996  Plate 14




95272-15 02/28/96 BGG/AAB

600 —~
o
t‘: P4
- ol PZ—-11,12 DOWNSTREAM ——=— 7
af v FD 86-6 '
— : {580
580 |- «| .
—|Z
\17 A 3 & -
- d s
-1 560
T EXISTING GROUND SURFACE PZ-4
D 85—4 |
» T
PZ-11 EL. 525.7 ™ o g — 540
540 |- PERMANENT POOL ‘ 15 &
) o5 PZ-8 EL 527 l::z 11 EL 523.1 F2=12 8. 5277 = "ROCK WASTE g
g L - Pz-7 EL. 525.1 \ 4 _/—————\ = - Y/~ 7 —
) 4 — | =7 X7 PI-8 EL 5242 ~ — — " " \ZPz-12 BL 5247 _ <
g PZ-7 EL 522.9 N —> _—_—__—__——& - — MR ST pz4 B 5197 ~
E — \y AN ST A — Y \V4 - szoE
520 - PZ-7 EL. 5165 | 'Y Pz-8 EL 5162 —_— s Y —— " 5 | -
§' __________________________________ — \ —_—= ~—\—V— “\Pz=4 EL 5185 §
— ——- PZ-4 EL. 512.8 _ 7 <
£ —_— SILTY SANDY GRAVEL h S _/ Pz-11 EL 5159\ | R VA g
E’ T T T TFOUNDATION—_ _ > —_— ;afg PERVIOUS PILL GLACIAL EL 5011 | [\EL- 5044 500
500 - Tt —— PZ-7 TP
- £l 493.8
B . ‘
PZ-8 TP PZ=11 TIP
GLACIAL TILL EL 480.3 \ e 479.31H | 480
480 | .
ASSUMED BEDROCK SURFACE EL 477.0‘ e P12 TP B
— £L ssso| [jEL 4668
—{ 460
460 |-
440
o L SECTION C—-C NOTES:
0] 30 60 FEET 1. SEE PLATE 13 FOR LEGEND.
4
SE-_-' 2. SEE PLATE 3 FOR LOCATION OF SECTION C—-C.
1" . 30.
3. POOL LEVELS LESS THAN EL. 535 ARE CONSIDERED
NORMAL POOL. THE CALCULATED AVERAGE POOL LEVEL
FROM AUGUST 1990 TO AUGUST 1995 IS EL. 526.6
4, PHREATIC SURFACES SHOWN WERE ESTIMATED FROM DATA
AT PIEZOMETERS SHOWN. ACTUAL WATER LEVELS BETWEEN
PIEZOMETERS MAY HAVE VARIED FROM THAT SHOWN HERE.
U.S. Army Corps of Engineers Inst;lumer‘\tation Evaluation SECTION C—C WITH
Waltham, Massachusetts S ::[t)w'l(lje La;te rqum PIEZOMETER PORE
outhbridge/Sturbridge WATER LEVELS
(D Massachusetts
N GEI Consultants, Inc. Project 95272 February 1996 Plate 15
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95272-16 02/28/96 AAB

590

580

560

£

w
N
o

ELEVATION, FEET (NGVD)

500

460

—=——— UPSTREAM

1 I

AVERAGE POOL FL 526\6\

[ EL 525

— ROCK PROTECTION APRIL 1993 EL. 558.9 ~
GRAVEL. BEDDI /
SLOPE OoF
I~ PERMANENT POOL COFFER DAM

. SPILLWAY CREST EL 572 _/

CUTOFF TRENCH

§ DAM Z—9,10 ——
ROAD GRAVEL 86—8 DOWNSTREAM
PERvnous nu. -
—\ | . EL 587 Xz — 590
[ w (=
//’ \ ':i" " —{ 580
GRAVEL BEDDING PZ-13,14
DX il FD 86-7
~— | 2'-0" GRAVEL BEDDING — .
~ | 25 3[= PZ-3
2 ol — 560
v N N 2l FD 85-3
AN
1
N 2= .
\—NPEEMOUS Flu\ % H = E
NS ol — 540 =
No ) L\ /7 Mﬁq - | &
S\ FP2e B 5268 PZ-10 EL. 525 £
D PZ-14 EL. 520.8~~ PZ-3 EL. 516.1 m
v ~ S\ % ROCK WASTE ;
— —_ M Uil \Y PZ-10 EL. 52 PZ—13 EL 5151 Y-/Y PZ-14 EL 519.6 §
SL' 3  P7=10 BL 75165 ~ Sies — ~ f —| 520 <L
. P29 E 5182 %‘P —_.__SZPZ 13 EL. 5‘5\\ e = = = = 73 als154 54
_— PZ-13 EL 5146 / —— E—n EL 515.3__PZ-3 EL 5128 -
ey  —
PZ-9 TIP & 5102 | —
EL 511.3 . 1\ Pz-1% CUACIAL TILL = - 3
/ RANDOM FILL EL 500.2 El. 4948 \EL 498.0
EL. 496.3 /
PZ—10 TP PERVIOUS FILL —
fL ases I!, B gse ; GRAVEL BEDDING
— ASSUMED BEDROCK SURFACE ROCK SLOPE PROTECTION
— 480
SECTION D-D o0

60 FEET

NOTES:

1. SEE PLATE 13 FOR LEGEND.
2. SEE PLATE 3 FOR LOCATION OF SECTION D-D.

3. POOL LEVELS LESS THAN

NORMAL POOL. THE CALCULATED AVERAGE POOL LEVEL
FROM AUGUST 1990 TO AUGUST 1995 IS EL. 526.6

4. PHREATIC SURFACES SHOWN WERE ESTIMATED FROM DATA
AT PIEZOMETERS SHOWN.

PIEZOMETERS MAY HAVE

EL. 535 ARE CONSIDERED

ACTUAL WATER LEVELS BETWEEN
VARIED FROM THAT SHOWN HERE.

U.S. Army Corps of Engineers
Waltham, Massachusetts

gz GEI Consultants, Inc.

Instrumentation Evaluation
Westville Lake Dam
Southbridge/Sturbridge
Massachusetts

SECTION D—D WITH
PIEZOMETER PORE
WATER LEVELS

Project 95272
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APPENDIX A

Boring Logs



C——

U.S. ARMY
CORPS OF ENGINEERS
NEW ENGLAND DIVISION

FIELD LOG OF TEST BORING

Site WESTVIILE LAKE DAM
Boring No.

Poge 1of _|__Poges

4"

FD-85-1

Dniq?z' !

Co-ordinates: X_STH 8+05

Diom. (Cosing)

S ————

F oFF 2973/ Jog

Elevation Top of Boring SYo%t

M.S.L. Hommer Wi._~— _ Boring Storted s/18/8s
Tota! Overburden Drilled O, b Feet Hammer Drop __— _
' gy Boring Compllfodm
Elavation Top of Rock S33H - MS.L. Casing Left 5 _total 4" casing
-Total Rock Drilied 2.9 Foet |Subserfocs Water Date! {Poge £
-+
‘Elevation Bottom of Boring SR27.5 = mS.L. f Obs.Well 2" ,
Tota! Depth of Boring /0.5 Fest = Drilled By _Jim Miller (CORPS)
Core Recovered 2 & S/, No.Boxes _/ M1g. Des. Dri 1l truck mounted Failing 1500
Core Recovered & /_Ft: Dicm.“"/ﬂ"%ln. Inspected By: Panl Fichey (ATT)
Soil Samples = in. Dlam. = No. Clossitication By: B2ul Fishexr
Soil Sampies — .in. Dlam, —_No. Classification By:
E/SA BLO
ikl =F = H’F:ﬂ SAMPLING AND CORING CLASSIFICATION OF MATERIALS
. </ peFTH < SR E
1"+ 7] wno. |siZE R ANGE] R & vy OPERATIONS
D.ln — IZn-Fu»«-siAu.nJP'- Sancly Sc/3,dap, oISt TOP50) (MY
J - 47 Qlamowd RBit Turn 2 roe 3N.~\Z~l-e é 2ckist, Cractured -
: Q¢ *l” 2139, e 2.7 :
2.8 F_:
- , &%lby 3% 0D Clore Barveld L
—JRea {az’ 76%0 -
- -
ne-3 (52" 7390 o
- 4 -
A =
’ll " -
Re-4 |25 709 o
0.5 END oFE EXPLORATION -

lllLlllllllllllllllllllllll Illlll

GENERAL REMARKS:

Elevations are approximate only
and are estimated from the
topographic map of the dam
included in Section 3a.:

LG S 20 Jun S AEL un S S SR A AN NN SR B SEN (NN SN N NN O
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NER FORM O/ T — 2 )

rn—-85- |

Baale . a8 _.1



=

NED

FORM

MAD T8

U.S. ARMY

Site _WESTVILLE LAKE DAM Poge tof _|_ Poges
CORPS OF ENGINEERS © FD-85-&
NEW ENGLAND DIVISION Boring No. DesigtZ_2___ piam. (Cosing)

FIELD LOG OF TEST BORING

Co-ordinotes: W_3STA_7+/0

| Y 237 NE Toi

Core Recovered &/ %4 No. Boxes
Core Recovered __*/: g Ft Diem. ﬁ[z, in.

Elevation Top-af B.orsnng &30% M8 L. Hammer Wt Boring Started _5//9 /86
Total Overburden Drilled =. 3 Feet  Hommer Drop

Elevation Top of Rock £27.7% M.S.L. Casing Left 2! _total BOrIngcgnglgn.de_
‘Total Reck Drilled Z.9 Feot  [Subserface Water Date! IPoge 3
‘Elevation Bottom of Boring 519. 8% MS.L. | Obs.well 2 ,

Total Depth of Boring 70. 2 Feet ~ Drilied By _Jim Miller (CORPS)

Mfg. Des. Drifl txuck mounted Failing 1500

inspected By: Danl Fichery (ATI)
Paul Fisher

Soil Samples — fn. Diam. —_No. Clossification By:
Soll Samples B in. Dlom. ——_ No. Clossificotion By:
E/SA BLOWS
EEALE H M: EnFr|  SAMPLING AND CORING CLASSIFICATION OF MATERIALS
. S’ HCcORE
! NO. | SIZEL L E ey OPERATIONS
Rota Sancty S//¢, B Mois +
91 #Il ™ ﬂ%eh nDSOlL MQ @r;‘meu{
(ML)
2.2
<oRE 2%/ 1D LocK (ore Schist, Eractured
Re-1| a¥
K 28
See= Lete=
55 - - ,
a Schdst + Gravte,
!l 10 RecK Core . Lractured
ReA | 13y 4379,
/0.3 END DF EXPLORARTION

lLIlIlllllIlllllllllllllllll Illllllll Illlllllll

GENERAL REMARKS:
Loot cdiamond @,
N =137, and

Elevations are approximate only
and are estimated from the
topographic map of the dam

reaming shell, 972L-114, el . :
A b ma Ot included in Section 3a. -
B8(Test) Boring Noy_ED=85- &



FORM
HAR 71

“NED

U.S. ARMY
CORPS OF ENGINEERS
NEW ENGLAND DIVISION

FIELD LOG OF TEST BORING

Site WESTVIIIE LAKE DaM Poge 1of _L_ Poge:
: FD“BS"3 . "
Boring No. Desig"2-3__ Diom. (Cosing) 4

Co-ordinotes: N STA 6400

E_oFf 10" »f Tox

Elevation Top of Boring ___S20* MS.L. Hommer wr._/¥2 /5 Boring Storted 3/23/85
Total Overburden Driiied 19:0 Feet  Hommer Drop _30" 9/as
' - + Boring Completed _3/S 285’
Elevation Top of Rock gol.o M.S.L. Cosing Left 5! _tnotal 4" gcas:i_x?xlc_;
. Total Rock Dritied i Feet  [Sebswrtocs Water Dotel (Poge >
*
-Elevation 8ottom of Boring_< 77~ mS.L. j Obs. well 2 .
Total Depth of Boring a3 Fest  Drilled By _Jim Miller (CORPS)
Cors Recovered 4“5 ©/, No.Boxss / Mtg. Des. Dritl txuck mounted Failing 1500
Core Recovered <o Ft: Diam. 274 in, inspected By: pan] Ficher (aTI)
Soil Sampies 17 In. Diam. 225 No. Classitication By: P2ul Fisher
Soil Samples ____— .In. Dlom. __—__No. Classification By:
BLOWS .
SEPTH | CORESMAERSTE | sameLin ano coming CLASSIFICATION OF MATERIALS
|. ! DEPT CO_
o eS| we sz mejugév OPERATIONS
— [~ i \ b i Yy Co t
L ss-1 | 178 om| 718 |Rotary Auger kR B Bo AT EesaT
- A4 1D v 37/ OB cCore Darrel|schist aa are.m.ﬁ-e Bowide~
— followed 1wy 4" Pl Casing L3Pory
:QL-' ;3/4 e 3.8 ﬂgéJ los+t waler
7 — .
- ” B Conrhinnue with 37/37 Ralier | Som &ravely B+, some s 1E
- —1s55-a 178 | 20% “'15' Bt (.SDou_ﬁ_ (¢8)
- No Water Rsturn
10.0 =
' — s5-3|178 {702 LAPNIY bmae‘};#l_.);arz?a)ﬂr/*me FOIES
= A3 Rpe K love Grami bt e Rouldeo
— (sPoit)
S a .
: Re-a QT,,
1S4 —
:55_4 I—'/3 209, 5‘35 C&.f\tlv\\-kt_ Wit 37/g7 oiler Samd t Growel, B
16,7 — Lo Bt b ot 50
— Tegained waker wen
@ ls.a
185 -
‘19.0 ss-s 1178 | 7275 |Joo*” Gravelly Samd,+Face clamy (306103 (30)
193 =r&c.§ a3/ |00 PYIRPTE w‘u.?‘{\ ramite
— éc- gl avy |82 Tahhus lons
41:3 =
—1Rs-5 2%y |L.5%
23.0 —— EVD 5F ExDLoRATIOLS
3
_ —
G;NERAL REMARKS: Elevations are approximate only
pica set@ 20/ and are estimated from the
topographic map of the dam
included in Section 3a. -

58(Test)

Boring No:"

FD-85- =3



U.S. ARMY Site _WESTVILLE [AKE DAM Poge 1 of _L_Poges
CORPS OF ENGINEERS FD-85- 4

i NEW ENGLAND DIVISION Boring No. DesigfZ=_ 4 Diom. (Cosing) _4"
]
!

FIELD LOG OF TEST BORING |Co-ordinates: N_STA S +00 B _ofR =’ dfs Tor

3 | Elevation Top ot Boring __5/8 & MS.L. Hammer W, /%0 /6 Boring Started 9/30/35
Total Overburden Orilied =22 .8 Feet  Hommer Drop _32°

o Boring Complofcd_?_/f"_/f‘s'_,
Elevation Top of Rock M.S.L. Casing Left 5' total 4" casing
. Total Rock Drilled — Foet |Subswrtacs Water Dotel
‘Elevation Bottom of Boring %9 2.8%  msL. y Obs. Well 27 ,
Total Dcpﬂ; of Boring 0.8 Fest  Driiled By Jim Miller (CORPS)
Cors Recovered __—__°/& No.Boxes __ Mfg. Des. Drl 1l truck mounted Failing 1500
Core Recovered _—— _Ft:__— . Diam. _—__In. Inspected By: Beddae
Soll Samples /78 . In. Diam. Z=%¥No. Classitication By: _Leddre
Soil Samples — In. Dlam. _—_ No. Classification By:

5

iPage

BLOWS
DEPTH | CORE/SAMPLE |- +] SAMPLING AND CORING

- ’ DEFTH « SR E CLASSIFICATION OF MATERIALS
. " S| NO. | sizE RANGE %sc'w OPERATIONS

ec {5 G2 P13}
s5-1 |/} a3l 18 Rotaty Auger +o 6.0 Siapdonnd S Arew yFan, moist

1

TTTT7T 701

$.0

$s5-3a )A'/a~ 759, 50@? Qolier Bit (S ineh), Lollowed h"j sl“l*a)é«r\a_, e gravel,tan malst]

k.0 L' dHuem casing: (S

lllllll | lllllll |

yYvryvrvb

0.0

" Bmwn clagey silt, some sand, lidle]
s 55-3 | /2 | 70% '5.15 groweld -l (AH) ’

4’ rotated casing

15. 9

I Illl|l L1

33 no ~ecaue > I8! dwe Yo
186.0 }'/a 07‘ so* buou_pode';:j
6.8 37/g  roller BIF Followed by

¥) 7 s sanad evel, ot ubtacted, |(Hle
s5-4 | )/a |30% ] 304 N7 casing ' ’

st >)

encwunier \as%z Lowlders, coripsuider mrn.p(e—sr_k.is“:

1 b " P oy t? o
Re-l | ady|1odl — }:;4':*‘* Q%410 37" ob cliamond

12.8

4

}
=N bu\ot EX PLORATIONS !
Re-a* [a%y |76%) — Greakihtouch Por Sawple @ 20.87 lclamed silt woith likie :
’ 3 6;;3\);?.. oand SALD , TILL (MH)

7 | aoe

lllllllllllll

ngiiit; fﬂfﬁis&e‘ Elevations are approximate only

lease boudde howizon ang and are estimated from the
se- pre2 © 17.6° above topographic map of the dam

MAR 71

Aares lcouwldets ‘v included in Section 3a. -
ravel
%0 -8 consists o sawmple Yalon @ 20.8° pelow bouwtde -
%= NED o™ 58(Test) Boring Noy_ED=85- 4



U.S. ARMY
CORPS OF ENGINEERS
NEW ENGLAND DIVISION

Site WC%’L ville Da A

P2-5

Page 1 of _| Pages

Boring No. F'D ADESlg

Diam. (Casing)

4"
e —

Fb-86-)0
FIELD LOG OF TEST BORING |Co-ordinates: N E
Elevation Top of Boring M.S.L. Hammer Wt. 3 o) Boring Sforted 1o

llllllllll

v

IIIIIFIJIIIIH

NN

S

T rrTrrrrY T

T T 1

Total Overburden Drllled 25.3 Faet Hammer Drop 50 »
’ Boring Completed logzcg'g
Elevation Top of Rock _ M.S.L. Casing Leff_L 9 ~omple
Total Rack Drilled — Feet Subsurface Water Data ‘Page
Elevation Bottom of Boring M.S.L. . Obs. Well
Total Depth of Boring 25.3 Feet  Drilled 8y M obo, le D,s'L (& 'Eroun) _‘
Core Recovered __~— ©/4 No.Boxas — Mfg. Des. Drill J—aa; | i ng 214 3
Core Recovered___ — Ft: Diam. _— In. Inspected By: _E MQCD | l WUy
Soil Samples 3 __in. Diam. _3 No. Classification By: _=. M $Co [l W n
Soil Samples In. Diam. No. Classification By:
£ BLOWS
DEPTH | CORE/SAMPLE PERFT.|  SAMPLING AND CORING cLa
e 51 NO. SIZEEEZ'IG': gggle OPERATIONS LASSIFICATION OF MATER TALS
— . i - >
- 0-7" SY rockebid |leloven Br Laan
- LAY wlemul (25-29)
5—1 (N
.
o . !
- “7.0- 25.3
] XYy ewoee arrel,
o 4. x3Y2

Olve W\\-amded
Claugn, Sy (40)
spD-W|Gremel (10)
=)
Ohwe We\\-draded

Clagu, Sy (354
5&%-}6@ (i0-20

(59

GENERAL REMARKS:

NN RN

Lo sg( xest)

Boring No.




U.S. ARMY
CORPS OF ENGINEERS
NEW ENGLAND DIVISION

FIELD LOG OF TEST BORING |Co- ordmotes.

site_Westville Dam.

Pz-b

Page 1 of |

Boring No. FD FD-B pesig.
=p-86=-1

N

4_//

Diam. (Casing)

E

! Pages

<

Elevation Top of Rock

Elevation Top of Boring
Total Overburden Drilled

Total Rock Drilled

Total Depth of Boring

Elevation Bottom of Boring

Core Recovered

Core Recovered

Soil Samples _ 3" |n.

M.S.L. Hammer Wt. 30O Boring Srorted \o/21/ £
__18.2 Feet Hammer Drop 20
N/A M.S.L. Casing Leﬂ_ﬁ_ Boring Comp!eted_l%
N,/A Feet Subsurface Water Data Page
MS.L. . obs.weil P=&
18.2 Feet : Driiled By MOlOa le b I\S'l" [I:.- .B(Dwﬂ)
%/ No.Boxas Mfg. Des. Drill |—<. | \v’\f 3 4’
Ft: Diam. I, In;pecfed By: E. M G Q) 38U AN
Diam. _{__No. Classification By: =, M & CD” u nm

Soil Samples In. Diam. ____ No. Classification By:

DEPTH | CORE/SAMPLE fé_é’_‘:? SAMPLING AND CORING i
75 | e [sasoons 0 PERATIONS CLASSIFICATION OF MATERIALS ‘
o5 00~ 5.0 5% rock .+ CObb‘CS & Lolldy=

J W llcon Claﬁ W
E |
S — ; 5.0"40 (0.5’ 3" gpoon ! \owsn B Leell- N4
31 |3 Riows, a/ib/18 _ mdec\ (laué ; :
— 6.5V 18,27, 55 v\, p,é r:
= pid Zp Mérauc (WZOB;
10— : / [T
s iy R
= Ot Lean CLAY, -
= Wicand ¢ blavel  br

15 — ! -

= ) £
—] IB.Z: S0 blows, yp PeN., ( > -
: B.O- H. d‘ ‘8'2‘1 :
20— -
GENERAL REMARKS:
R B8( lest) Boring No.



»2-7/8  _

U.S. ARMY Site \/1/6’5-"\/}”6 Dam Poge | of 3 Pages
CORPS OF ENGINEERS ' "
NEW ENGLAND DIVISION Boring No.ED—CDesiq. Diam. (Casing) 4
FIELD LOG OF TEST BORING |Co-ordinates: N E
Elevation Top of Boring & /5. O M.S.L. Hammer Wt. 200  Boring Started 1 0/1 0/ 86
Total Overburden Drilled __ 94, & Feet Hammer Drop 20" ' 5
¢ Borl 1 {a/
Elevation Top of Rock 4“]2 4‘ M.S.L. Casing Leff__:.DLS_ oring Completed | G/ B4
Total Rock Drilled i ‘4‘ Feet Subsurface Water Data Page
Elevation Bottom of BoringMMS.L. , Obs.Well :
Total Depth of Boring q4 Feet  Drilled By l\/] c[o':l(_’ D 534'- (F R(O Ldﬂ)
Core Recovered ﬁ_% No. Boxes ‘— Mfg. Des. Dri ! r:(ki\ WaY 2 | 4'
Core Recovered 8.l Ft : Diam. HQ In. Inspected By: _& . M‘é(’o ” U ni
Soil Samples __Lln. Diam. _&_No. Classification By: .M G.:CO” L ;‘\/\
Soil Somples — ___________In. Diam. No. Classification By: "F_/*’"f—
DEPTH | CORE/SAMPLEI Z%r| SAMPLING AND CORING ‘
s S; NO. SlZESTG: fq%?‘éy OPERATIONS CLASSIFICATION OF MATERIALS
— ’ . ;
= 0-24 Rockl 1] ‘;
T L' ODEX air hammer f
7 No samples kuken.
5__ ' : :
10__—]
15
20 ] [
o5 o g
GEI\IERAL RE(;AARKS:‘T'O_\_a\ overburden
drilled does not include rockd|l.
Stabic yualer \evel not oloserved
A ur) ng ck(“s\\‘\f\q ]
i [

. NED .73%.58(Test) Boring No.EP—-86~-q]



P2- /8

Site o Boring.No. ' Poge _Z.
_ — =
W€€‘}‘V: le Dam FD-86-9 of
. __DEPTH C°RE/5‘““”‘-E,L'~¢L::;. SAMPLING AND CORING
,) ‘.'S no |zt "::2_557 OPERATIONS CLASSIFICATION OF MATER IALS
25
= b s (N5)
20 20.0" o 23.0 /& e 2l B SAND LJ]QOCL(\"
T Dot 2 adhnEs 30 FW;Y (10-20) L.
= 09 =) -
= ()
= - 38.L 4o 401" ¢ 5\\
g0 2 |3 Blows: 10,1619 (50*10%S (=) /—
45— (N5)
- - # 2, 485°le 485" —/@r Cla %&
‘SD'—_—: Blows ! O+ ‘\‘?70 L{O
) s5— (Ns>
— ko .SAND N\ |-
J 4=~ 44,5841 54.2" ’?3\20“ Wl piece -
6o—] Riows: |4, 5o+ Lo ' o
- (CEQNOR ALL)
ﬁ 7 <) a
o5 (5) :
q E :

™ EQA( Test) Boring No.%ﬁ



P2-7/8

Site Boring No. Poge 3
Westy/lle Dam ED- 84-9 of = |
DEPTH | CORE/SAMPLEINOY!  SAMPLING AND CORING
"s NG s12¢ "223257 OPERAT]ONS CLASSIFICATION OF MATER ‘ALS
70—: _/
= 10.8" Yo 2.2 Olive & Sand (ls—Zs)l
315 |37 Blows: 25,2550+ Leavs CLAY
= [\aua (010) (LL\/'
76—
3 5)
e AT 99.6" 4o B0.q° --/O \\/&Gr Sand (ZO )_
2 Blows: 24,53, 50+ cLAy _
3 o G ons (ctﬁ/*
3 4. 2.6 Top _of Rock
3 Run 1t From = g2,i e.z ¢ o 83,27 | Schush,
- Te ! B8.2 ra P\Rr‘d Sia e
85-—_: L ve Pun: 5.0 % é;e:d—hercc\
- Ree! 4.4 6324—0844 Geran -\-a
_ ] u.L. .0 whike, Peg mx‘h‘re
- g depe depin: 88. 2 4.4 p 42.2° '&_h.sl-,
. Run 2! Froem ! 88.2 |+, gray, '/\ar‘d s\, LD
4 2 |HQ Eu“_: '5'8, weatneced aloﬂg JEs.
- T.p. qzzfzec" 4.0 Pa(a\\c\ 1 ﬁal\a«‘hbﬂs
) = 0 k| S
E 4.qa.0 S e
657 )
- = 4.1 +o 84471 verk. Corg shows man
-—- Crac)‘u’(ﬁ ofen, héﬂv‘lﬁ brea\.L:s alowr\ f—oha‘aon-S
— %“&\V\ed -
- t«.—l-ur\ mod, c‘—b L\QAUJ
— 84.L" 4o B’ Rock stainin and '
= badly —Q-ac:l-ured with L-eatin Zﬁr.nﬁ _ N
- clay ﬁl“lﬂj) Pfcka{ulé Breaks on o de [
— c.ure loss” in Hhaig 6. 47 cen s, o
- 3one. N
™ BA(Test) Boring No. -Be-



e —— i - FURVITORR— L _
P2-3/0 -
U.S. ARMY Site WES‘LVi”é Dam ' Page 1 of 3 Pages!
CORPS OF ENGINEERS _ B :
NEW ENGLAND DIVISION Boring No.ED=D_Desig. Diam. (Casing) ?
FIELD LOG OF TEST BORING |Co-ordinates: N E
Elevation Top of Boring _ 74-.9 M.S.L. Hammer Wt._300O Boring Stcrted 1o/i /B &
Total Overburden Drilled 3, & Feet Hommer Drop _30 ;
Borl 10 b
- Elevation Top of Rock 504.5 M.S.L. Casing Lett 45 ’ oring Completed_L_B_éL
Total Rock Drilled 20.7 Feet Subsurface Water Data Page :
Elevation Bottom of Boring__4'%3‘ o) M.S.L. . Obs.Well )
) Total Depth of Boring q1.1 Feet  Drilled By M ol \c D i<t (F Rrown)
Core Recovered (09 94 No.Boxes __ 2 ____ Mfg. Des. Orill F—“a.lmﬁ 214
o Core Recovered Ft :14.2 Diam. HQ Ia. Inspected By: (=, M€ (s ”um
Soil Samples_____Lln. Dia m. iNo. Classification By: E. M&Co “um
Soil Sampies —______________In. Diam. Na. Classification By: E M ¢ CO“uM
DEPTH | CORE/SAMPLE 52&:? SAMPLING AND CORING o _
"5 | no. S'Zsﬁm}; CORE OPERATIONS CLASSIFICATION OF MATERIALS
3 0.0 }33.2%7 ODEX
T " hammer and
B . 3 spoon
5 ]
—
= a0 CCRAFL -
-\ 2~ 4.0-9.5 = 0.8 (1[
10— Rlows: 25/23, bounc.ng v (O IO)
~ 3 refusal /Qmp F\LLJ
1S (%)
—- =3 4_’ ) 7 ¢ 7 gécﬁ%(ﬁ \-
20— Z 3” 14. "DZ— ooz ‘,4 g d( \O}
r : Biows. 7[12/6D wlw nd (0- :
_, . N\ e q /-
25 -
- GENERAL REMARKS:
\.LJ BIOU.—S Are \ns a ﬁo( each G”SQSMen—L
- or @fﬁ.c‘l‘t’on Jr\'\ercoc— e r Qrive

. NED 9™ B8(Test) Boring No.EP—=26-8
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Blows: 3/q/z g

Boring No. Poge 2
Weetvile Dam Fib-86-8 (Fp-p) of _3
' CORE/SAMPLE(S SAMPLING AND CORING
Dy wri OPERATIONS CLASSIFICATION OF MATER IALS
25
- 4 -
— 24’ bpz2R,2'2 1.8’ -/KCU/\Ff G(’H\JEL\
= Blows' Z0R6/31/2G- ‘W“ﬁ- ' ML{EHO)
— 'Oounchi/\g fC-Q,(S;zl Q‘Q,“K = B
N )
= el. sai, | Goﬁom ok Calk Gl
35T 34440 26.1'= 1,7

44.6'to 4558 = 0.9
RBlews 25 /50+

50,640 S1.L'= 0.7
Blows’ 34/20+

§755.94o56.0'2 0,2°
Blows: 75 +

#8) (184 2.2 0.3°
Blows! w754

= e\

\CW\ W\.‘\ d{’d

SR W]
\?raa? (15-25) ) /—

(NS)

/Tan, W\
ﬁg\\NO W %@u

\% (\gfzsx A0 /’

(NS)
_/ S %1;(‘6'25)
SHND 6@%

0-20) e/
(\N5) '-

(NS)

0\( b Sk \‘5) T_

4 SAND

l fc&
v &m : \'I
(5m>

Borinag No. w

Ty

TrTTT 7T



dad e

y _ P2-9/10
Site , :
Boring No. :
] . Poge_’.:«_
- Wes“v‘“«e Dam FD-8¢-8 (Fo-p) of _2
> DEPTH :
- CORE/SAMP:ri.i:; SAMPLING AND CORING
s No. F'"ﬁm: came OPERATIONS CLASSIFICATION OF MATER JALS
70"
- el. 504 .5 T oOo. R, ]
- 0.4 4o 76,17 0.4 1o 70.9 - Granite-
] Ron ;g7 white hard, pred. wreath-
- 51 |He ql7°‘Dec.;s,z’ e“d,‘ .
73 Hole blocked oot (7.4 7 12.3 £272.6 = Schist!
— L+, gray, shi. s pod,
- ] - , ' weadhered loroken olone
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U.S. ARMY

CORPS OF ENGINEERS
NEW ENGLAND DIVISION

FIELD LOG OF TEST BORING

N I T s S —
P2/

Site V\/esl'vi l\e DJ.Lm ' Page tof 3 Porje
. Fb
Boring No.©3@ —(oDesig. ______ pigm. (Casing) L/_

Co-ordinates: N E

Elevation Top of Boring 54—5 0

Total Overburden Drilled 4'0*

M.S.L. Hammer Wt. L Boring Sturted ﬂLL(Q_Lé

Elevation Top of Rock 4717.0

Total Rock Drilled 10.4

Total Depth of Boring Tl .4—

Elevation Bottom of Boringﬁ’_(ohiLM.s.L. . Obs. Well

Feet  Hammer Drop 30 ‘'
M.S.L. Casing Left_2.Q / Boring Completed q/z &/9¢
Feet Subsurface Water Datg’ Page

Feet  Orilled By _MORIL = DigT.

Core Recovered 44.5 °/% No.Boxes N Mfg.Des. Drill FAjL{n G 24 CCD~HZ)

Core Recovered 10:4 _ Ft : Diam.3 Z&4n. Inspected By: EyrneatR. Mo [lum
Soil Samples _II/Z_"_In. Diam. _32_No. Classitication By: _ M € Cohll u ya

OPERATIONS CLASSIFICATION OF MATERIALS

0-26!' Rock |l

(NS
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APPENDIX C
Reading Schedule for Piezometers

Source: Department of the Army, New England Division, Corps of Engineers



WESTVILLE DAM 4 October 1994
READING SCHEDULE FOR PIEZOMETERS

1. General. Piezometers are utilized to measure groundwater levels and pore pressures both in
the foundation and embankments of earth and rockfill dams. Experience has shown that
installation of piezometers in earth fills and their foundation provides significant data indicating
the magnitude and distribution of pore pressures and their variations with time and also patterns
of seepage, zones of potential piping, and the effectiveness of underseepage control measures.

2. Piezometer Readings. At the present time, files are maintained for dams which have operating
piezometers and most of the data is put on the computer. Data is transmitted to GED in writing
by the project manager. Piezometer data should be reduced in the field and each reading
compared with previous data; thus, if a piezometer has an unusual reading, the reading can be
checked immediately. Pool elevations, tailwater elevations, measuring weir discharge quantities,
and rainfall data should be recorded simultaneously with piezometer readings.

a. Reading Schedule.

(1) Routine. During periods when the reservoir is below the 20.0 foot stage (elevation
535.0 fi-NGVD) readings of all piezometers should be made by the project manager at least once
a month. When access to instruments is made hazardous by snow or ice, the readings may be
deferred until safe access is possible.

(2) High Pool. During periods when the reservoir level is at or above the 20 foot stage,
including rising and falling pools, readings should be made on a daily basis. On a falling pool, the
piezometers should continue to be read on a daily basis for at least five days after the pool has
returned to its normal elevation. Pool elevations and all the other information requested in
paragraph 2 should be recorded simultaneously with piezometer readings.

b. Data Collection.

(1) Location Maps. A general plan of the project showing the location of the active
piezometers and the corresponding identification number for each piezometer is provided to
eliminate identification and data recording inaccuracies.

(2) Data Collection Tables. A table listing the piezometer identification number, stationing
and offset, as well as piezometer top and tip elevations is also provided for recording and
submitting piezometer readings.

(3) Destination. All data should be sent to the following address:

U. S. Army Corps of Engineers

New England Division

ATTN: CENED-ED-GD

424 Trapelo Road

Waltham, MA 02254-9149 RE: Piezometers

(4) Special Conditions. Ifunusual changes in readings develop or if piezometers become
inoperable, Geotechnical Engineering Division should be contacted.



APPENDIX D
Piezometer Data, Time History Plots

Piezometer Time History, Profile A-A (PZ-7, 8, 9, and 10)

Piezometer Time History, Profile B-B (PZ-1, 2, 3, 4, 5, and 6)

Piezometer Time History, Section C-C at Station 5+15 (PZ-7, 8, 11, 12, and 4)
Piezometer Time History Plots, Section D-D at Station 6+00 (PZ-9, 10, 13, 14, and 3)
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APPENDIX E
Piezometer Data, April 1993 Event Plots
Piezometer Time History, Profile A-A, April 1993 Event (PZ-7, 8, 9, and 10)
Piezometer Time History, Profile B-B, April 1993 Event (PZ-1, 2, 3, 4, 5, and 6)

Piezometer Time History, Section C-C at Station 5+15, April 1993 Event (PZ-7, 8, 11,
12, and 4)

Piezometer Time History, Section D-D at Station 6+00, April 1993 Event (PZ-9, 10,
13, 14, and 3)
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APPENDIX F
Piezometer Elevations vs. Pool Elevations Plots

Piezometer Elevations vs. Pool Elevations, PZ-1
Piezometer Elevations vs. Pool Elevations, PZ-2
Piezometer Elevations vs. Pool Elevations, PZ-3
Piezometer Elevations vs. Pool Elevations, PZ-4
Piezometer Elevations vs. Pool Elevations, PZ-5
Piezometer Elevations vs. Pool Elevations, PZ-6
Piezometer Elevations vs. Pool Elevations, PZ-7
Piezometer Elevations vs. Pool Elevations, PZ-8
Piezometer Elevations vs. Pool Elevations, PZ-9
Piezometer Elevations vs. Pool Elevations, PZ-10
Piezometer Elevations vs. Pool Elevations, PZ-11
Piezometer Elevations vs. Pool Elevations, PZ-12
Piezometer Elevations vs. Pool Elevations, PZ-13
Piezometer Elevations vs. Pool Elevations, PZ-14
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APPENDIX G

Standards and Procedures for Settlement Surveys



Standard 1

The following standards and procedures are employed for
Crest Monument Surveys at Westville Lake Dam.

STANDARDS FOR SETTLEMENT SURVEYS

1. Control points are stamped brass disks preferably set in a
ledge area. Where no ledge is available, they are set in
concrete bounds placed flush with the ground.

2. Control points are set in areas such that the maximum
possible number of crest monuments on the dam are visible.

3. Control points are tied into four reference points by
distance. This provides a check each time they are occupied for
settlement surveys or allow them to be replace if found to be

destroyed.

4. Distances are read and recorded between settlement bounds.
Both distance and angle are read and recorded from the control
points that are being occupied to locate each settlement bound on

the dam.

5. 1In locating each settlement bound, a control point will be
occupied setting 0-00'-00" (referenced line of site) on a second
control point, reading and recording both interior and exterior
angle closure, along with distances through each settlement bound
located on the dam. Each settlement bound is located from a
minimum of two control points. These locations are third order,
class II survey with relative accuracies of not less than 1 part
in 5,000.

6. Levels are run from control points through each settlement
bound on the dam with a return run back into the control points
to check the elevation closure on the run. Closure tolerance
should be no greater than 0.05'. These levels are third order,
class I survey with relative accuracies not less than 1 part in

10,000.

7. Crest monument surveys are performed using Topcon EDM Total
Stations and recording both horizontal angles and horizontal
distances.

PROCEDURE FOLLOWED FOR SETTLEMENT SURVEYS

The horizontal and vertical monitoring plan for settlement
bound movement points employed a combination of triangulation and
trilateration angle and distance techniques to survey the control
network. Control points, in the form of stamped brass disks,
were placed on the dam structure in a location that is clearly



visible from the control points. Horizontal coordinates of the
control points are based on the State Plane Coordinate System.
Elevations of the control points are bawd on the National
Geodetic Vertical Datum (NGVD). Control points are occupied
utilizing an EDM Total Station; observed distances and angles
(interior and exterior angles), between control points and
settlement bound establishing permanent bench marks. Standard

" leveling techniques are followed. Levels are double run and the

means of the front and back runs were computed and recorded.

DATA ADJUSTMENT

A combination of triangulation and trilateration surveying
techniques are applied. Each crest monument is located from two
control points and two sets of coordinates are calculated using
adjusted field angles and compliments and EDM distances. The two
sets of coordinates are averaged to give a net result. The

‘averaged coordinates are then established on each settlement

bound for use in determining shifts in the dam surface structure
over a period of years by comparing repetitive surveys.
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